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(54) SEMICONDUCTOR DEVICE AND SEMICONDUCTOR OPERATION DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an MFMISFET semiconductor 
device and a semiconductor operation device, which have sufficient 
functions as a memory element, enable execution of accurate 
difference (absolute) operation without causing change of polarization 

vector and are driven a with small power consumption. 9 ^ 

SOLUTION: In the MFMISFET, a switch 10 for turning connection 
between a control gate 8 and a signal line 9 'on/off is disposed in the 
control gate 8. The control gate 8 becomes electrically floating, by 
turning the switch 10 'off, keeping the control gate 8 provided with a 
prescribed potential, and it is not thereafter affected by a voltage 
applied to the control gate 6 and the polarized state of a charge storage 
film 7 does not change. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A semiconductor device comprising: 
Sauce/drain. 

Said sauce/drain, and the 1st electrode that were provided via the 1st insulator layer and that is in floating electrically. 
The 2nd insulator layer that does not include a ferroelectric material provided on 1 part of said 1st electrode. 
The 2nd electrode provided so that it might counter with said a part of said said 1st electrode via said 2nd insulator layer, 
The 3rd insulator layer that has a film of at least one layer containing a ferroelectric material provided on other parts of 
said 1st electrode, A changeover switch which is connected with the 3rd provided electrode and said 3rd electrode so that 
it may counter with said other parts of said 1st electrode via said 3rd insulator layer, and turns on and off connection 
between the 3rd electrode concerned and a predetermined signal wire. 

[Claim 2]The semiconductor device according to claim 1 characterized by making said changeover switch into an OFF 
state where predetermined potential is given to said 3rd electrode. 

[Claim 3]The semiconductor device according to claim 2 characterized by giving further predetermined potential to said 
2nd electrode after making said changeover switch into an OFF state. 

[Claim 4]A semiconductor device given in any 1 paragraph of claims 1-3 characterized by giving predetermined potential 
to said 2nd electrode and said 3rd electrode, respectively while facing changing a polarization state in said 3rd insulator 
layer and making said changeover switch into an ON state. 

[Claim 5]The semiconductor device according to claim 4, wherein said predetermined potential given to said 2nd electrode 
and said 3rd electrode makes one side earth potentials and makes another side positive potential. 
[Claim 6]A semiconductor device given in any 1 paragraph of claims 1-5, wherein said 2nd insulator layer includes high 
dielectric material. 

[Claim 7]A semiconductor device given in any 1 paragraph of claims 1-6, wherein said 2nd insulator layer has bigger 
specific inductive capacity than said 1st insulator layer. 

[Claim 8]A semiconductor arithmetic unit constituted by arranging two or more semiconductor devices to matrix form, 
comprising: 

Said semiconductor devices are sauce/drain. 

Said sauce/drain, and the 1st electrode that were provided via the 1st insulator layer and that is in floating electrically. 
The 2nd insulator layer that does not include a ferroelectric material provided on 1 part of said 1 st electrode. 
The 2nd electrode provided so that it might counter with said a part of said said 1 st electrode via said 2nd insulator layer, 
The 3rd insulator layer that has a film of at least one layer containing a ferroelectric material provided on other parts of 
said 1st electrode, A changeover switch which is connected with the 3rd provided electrode and said 3rd electrode so that 
it may counter with said other parts of said 1st electrode via said 3rd insulator layer, and turns on and off connection 
between the 3rd electrode concerned and a predetermined signal wire. 

[Claim 9]The semiconductor arithmetic unit according to claim 8 characterized by making said changeover switch into an 
OFF state where predetermined potential is given to said 3rd electrode. 

[Claim 10]The semiconductor arithmetic unit according to claim 9 characterized by giving further predetermined potential 
to said 2nd electrode after making said changeover switch into an OFF state. 

[Claim 1 1]A semiconductor arithmetic unit given in any 1 paragraph of claims 8-10 characterized by giving predetermined 
potential to said 2nd electrode and said 3rd electrode, respectively while facing changing a polarization state in said 3rd 
insulator layer and making said changeover switch into an ON state. 
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[Claim 12]The semiconductor arithmetic unit according to claim 11, wherein said predetermined potential given to said 2nd 
electrode and said 3rd electrode is positive potential about earth potentials and another side in one side. 
[Claim 13]A semiconductor arithmetic unit given in any 1 paragraph of claims 8-12, wherein said 2nd insulator layer 
includes high dielectric material. 

[Claim 14]A semiconductor arithmetic unit given in any 1 paragraph of claims 8-13, wherein said 2nd insulator layer has 
bigger specific inductive capacity than said 1st insulator layer. 

[Claim 15]A semiconductor arithmetic unit given in any 1 paragraph of claims 8-14, wherein said signal wire is made 
common for every line. 

[Claim 16]A semiconductor arithmetic unit given in any 1 paragraph of claims 8-15, wherein said signal wire is made 
common for every sequence. 

[Claim 17]The semiconductor arithmetic unit according to claim 16 holding two or more vectors as a data constellation, 

and computing a difference value for every element between each vector corresponding to an input vector. 

[Claim 18]The semiconductor arithmetic unit according to claim 17 carrying out multiple connection of said semiconductor 

device of a couple, and computing a difference absolute value for every element between each vector. 

[Claim 19]The semiconductor arithmetic unit according to claim 17 or 18 sorting out a vector by which predetermined 

conditions are fulfilled from said data constellations based on said difference value. 

[Claim 20]A semiconductor arithmetic unit given in any 1 paragraph of claims 17-19, wherein it corresponds to each vector 
from which each sequence constitutes said data constellation among said two or more semiconductor devices arranged at 
matrix form and each line corresponds to each element of said vector. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention arranges two or more what is called MFMISFET type semiconductor devices and 
these semiconductor devices, and relates to the semiconductor arithmetic unit which performs predetermined data 
processing. 
[0002] 

[Description of the Prior Art] Recently, it has what is called floating gate structure, Research of the ferroelectric memory 
(Metal-Ferroelectric-Metal-lnsulator-Semiconductor FET (MFMISFET)) which used the ferroelectric material for the 
dielectric film is active. This MFMISFET is expected as semiconductor memory which the writing and elimination of 
information are possible, and can realize large reduction of power consumption without using high tension like EEPROM 
which used paraelectrics material for the dielectric film. 

[0003]By the way, the semiconductor arithmetic unit which performs analog-to-digital fusion processing which chooses the 
data nearest to this and a predetermined relation, for example, the input data concerned, from templates, and outputs it 
with a device level is proposed by this invention persons to one input data which consists of two or more elements. 
[0004]As one mode of this semiconductor arithmetic unit, the difference value for every element between each vector is 
computed corresponding to an input vector, and there are some which sort out the vector by which predetermined 
conditions are fulfilled, for example, a vector with the smallest sum (Manhattan distance) of a difference absolute value, 
from data constellations based on the difference value concerned. 

[0005]ln order to realize such a semiconductor arithmetic unit, two or more EEPROMs are arranged to matrix form, and 
each EEPROM constitutes a source follower in consideration of reading floating gate potential. Element Tj of the template 
vector T is memorized to i-th EEPROM, and, specifically, analog signal X - t which is in the EEPROM concerned 
succeedingly is impressed. At this time, the floating gate potential of the EEPROM concerned serves as a value (value 
which applied constant potential to the value concerned correctly) proportional to (T r X j), and difference calculation 
realizes it. Each EEPROM functions not as a mere storage cell but as a "processor" in this meaning. 
[0006] 

[Problem(s) to be Solved by the InventionJSince MFMISFET is a semiconductor device which can realize low power 
consumption as mentioned above, it is possible to replace this MFMISFET with EEPROM, to use it and to constitute the 
above-mentioned semiconductor arithmetic unit. 

[0007]However, in order to only use MFMISFET as a storage cell, read-out potential is fixable to the suitable 
predetermined potential from which a polarization vector does not change, but. In order to perform difference calculation 
and to input analog signal X j further where prescribed potential Tj is given to a floating gate as mentioned above, a 
polarization vector changes with these input X j, and there is a problem that exact difference calculation cannot be 
performed. 

[0008]Then, this invention is made in order to solve said technical problem, and it is a thing. 

without it causes change of a polarization vector in addition to the purpose having sufficient function - exact difference 
(absolutely) - it making it possible to perform an operation and, It is providing the semiconductor arithmetic unit which 
arranges two or more MFMISFET type semiconductor devices driven with low power consumption, and these 
semiconductor devices, and performs analog-to-digital fusion processing with a device level. 

[0009] 

[Means for Solving the ProblemJThis invention persons thought out in many modes of an invention shown below 
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wholeheartedly as a result of examination. 

[0010]This invention is characterized by a semiconductor device comprising the following. 
Sauce/drain. 

Said sauce/drain, and the 1st electrode that were provided via the 1st insulator layer and that is in floating electrically. 
The 2nd insulator layer that does not include a ferroelectric material provided on 1 part of said 1st electrode. 
The 2nd electrode provided so that it might counter with said a part of said said 1st electrode via said 2nd insulator layer, 
The 3rd insulator layer that has a film of at least one layer containing a ferroelectric material provided on other parts of 
said 1st electrode, A changeover switch which is connected with the 3rd provided electrode and said 3rd electrode so that 
it may counter with said other parts of said 1 st electrode via said 3rd insulator layer, and turns on and off connection 
between the 3rd electrode concerned and a predetermined signal wire. 

[001 1]ln one mode of a semiconductor device of this invention, where predetermined potential is given to said 3rd 
electrode, said changeover switch is made into an OFF state. 

[0012]ln one mode of a semiconductor device of this invention, after making said changeover switch into an OFF state, 
further predetermined potential is given to said 2nd electrode. 

[0013]ln one mode of a semiconductor device of this invention, while facing changing a polarization state in said 3rd 
insulator layer and making said changeover switch into an ON state, predetermined potential is given to said 2nd 
electrode and said 3rd electrode, respectively. 

[0014]ln one mode of a semiconductor device of this invention, said predetermined potential given to said 2nd electrode 
and said 3rd electrode makes one side earth potentials, and makes another side positive potential. 
[0015]ln one mode of a semiconductor device of this invention, said 2nd insulator layer includes high dielectric material. 
[0016]ln one mode of a semiconductor device of this invention, said 2nd insulator layer has bigger specific inductive 
capacity than said 1st insulator layer. 

[0017]A semiconductor arithmetic unit of this invention arranges two or more semiconductor devices to matrix form, and is 
constituted. The 1st electrode in which said semiconductor device was formed via sauce/drain, said sauce/drain, and the 
1st insulator layer and that is in floating electrically, The 2nd insulator layer that does not include a ferroelectric material 
provided on 1 part of said 1st electrode. The 2nd electrode provided so that it might counter with said a part of said said 
1st electrode via said 2nd insulator layer, The 3rd insulator layer that has a film of at least one layer containing a 
ferroelectric material provided on other parts of said 1st electrode, It is connected with the 3rd provided electrode and said 
3rd electrode so that it may counter with said other parts of said 1st electrode via said 3rd insulator layer, and it has a 
changeover switch which turns on and off connection between the 3rd electrode concerned and a predetermined signal 
wire. 

[0018]ln one mode of a semiconductor arithmetic unit of this invention, where predetermined potential is given to said 3rd 
electrode, said changeover switch is made into an OFF state. 

[0019]ln one mode of a semiconductor arithmetic unit of this invention, after making said changeover switch into an OFF 
state, further predetermined potential is given to said 2nd electrode. 

[0020]ln one mode of a semiconductor arithmetic unit of this invention, while facing changing a polarization state in said 
3rd insulator layer and making said changeover switch into an ON state, predetermined potential is given to said 2nd 
electrode and said 3rd electrode, respectively. 

[0021 ]ln one mode of a semiconductor arithmetic unit of this invention, said predetermined potential given to said 2nd 

electrode and said 3rd electrode is positive potential about earth potentials and another side in one side. 

[0022]ln one mode of a semiconductor arithmetic unit of this invention, said 2nd insulator layer includes high dielectric 

material. 

[0023]ln one mode of a semiconductor arithmetic unit of this invention, said 2nd insulator layer has bigger specific 
inductive capacity than said 1st insulator layer. 

[0024]ln one mode of a semiconductor arithmetic unit of this invention, said signal wire is made common for every line. 
[0025]ln one mode of a semiconductor arithmetic unit of this invention, said signal wire is made common for every 
sequence. 

[0026]ln one mode of a semiconductor arithmetic unit of this invention, two or more vectors are held as a data 
constellation, and a difference value for every element between each vector is computed corresponding to an input vector. 

[0027]ln one mode of a semiconductor arithmetic unit of this invention, multiple connection of said semiconductor device 
of a couple is carried out, and a difference absolute value for every element between each vector is computed. 
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[0028]in one mode of a semiconductor arithmetic unit of this invention, a vector by which predetermined conditions are 
fulfilled is sorted out from said data constellations based on said difference value. 

[0029]ln one mode of a semiconductor arithmetic unit of this invention, each sequence is equivalent to each vector which 
constitutes said data constellation among said two or more semiconductor devices arranged at matrix form, and each line 
corresponds to each element of said vector. 
[0030] 

[Embodiment of the InventionJHereafter, many suitable embodiments which applied this invention are described in detail, 
referring to drawings. 

[0031](A 1st embodiment) According to this embodiment, it indicates about a MFMISFET type semiconductor device. 
Drawing 1 is a mimetic diagram showing the main composition of MFMISFET of this embodiment, (a) is an important 
section outline sectional view of MFMISFET, and (b) is a circuit diagram of MFMISFET. 

[0032]this MFMISFET - the element region of the silicon semiconductor substrate 1 - the impurity (Lynn which is a n type 
impurity if the substrate 1 is a p type.) of the substrate 1 and opposite conductivity type in techniques, such as an ion 
implantation It is arsenic etc., if a substrate is a n type, it will have the sauce / drain 2 with which it comes to introduce 
boron etc. which are p type impurities, and the laminated structure which has a function of a capacitor and a voltage 
impressing electrode on the substrate 1 is allotted and constituted. 

[0033]The floating gate electrode 4 of the island shape which comes to carry out pattern formation of said laminated 
structure on the channel constituted by the sauce / drain 2 of the substrate 1 via the gate dielectric film 3, and is in floating 
electrically, The 1st charge storage film 5 that consists of dielectric materials which do not include a ferroelectric material 
on the 1 part of the floating gate electrode 4, The 1st control gate electrode 6 it turns the pattern formation of said some of 
floating gate electrodes 4 via the 1st charge storage film 5 up, and carries out capacitive coupling to the floating gate 
electrode 4, The 2nd charge storage film 7 that consists of a ferroelectric material which it comes to form on the other 
parts of the floating gate electrode 4, Pattern formation is carried out via the 2nd charge storage film 7 on said other parts 
of the floating gate electrode 4, and it has the 2nd control gate electrode 8 that carries out capacitive coupling to the 
floating gate electrode 4, and is constituted. Thus, the 1st control gate electrode 6 to the floating gate electrode 4 (one 
part), the 1st charge storage film 5, and the capacitor 11, The capacitor 12 comprises the floating gate electrode 4 (other 
parts), the 2nd charge storage film 7, and the 2nd control gate electrode 8, respectively. 

[0034]Here, in consideration of impressing voltage effective in the 2nd charge storage film 7 that is a ferroelectric, it is 
necessary to enlarge electric capacity of the capacitor 1 1 to some extent compared with it of the capacitor 12 at the time 
of the writing (elimination) of information. Concretely, since the specific inductive capacity of a ferroelectric is 500 to about 
1000, capacitor area will become large if the 1st charge storage film 5 of the capacitor 1 1 is formed by Si0 2 etc. Then, it is 
preferred to form the 1st charge storage film 5 from the high dielectric material whose specific inductive capacity is higher 
than insulating materials, such as Si0 2 . 

[0035]ln this MFMISFET, the changeover switch 10 which turns on and off connection between the 2nd control gate 
electrode 8 concerned and the signal wire 9 in the 2nd control gate electrode 8 is arranged. Where predetermined 
potential is given to the 2nd control gate electrode 8, by making the changeover switch 10 into an OFF state, The control 
gate electrode 8 (input terminal 8a) will be in floating electrically, and the polarization state of the 2nd charge storage film 
7 does not change, without being influenced by the voltage impressed to the 1st control gate electrode 6 (input terminal 
6a) after that. 

[0036]ln order to change the polarization state of the 2nd charge storage film 7, the changeover switch 10 is made into an 
ON state, V., is impressed to the input terminal 6a, and V 2 is impressed to the input terminal 8a. If it takes performing 
writing and elimination into consideration, to the polarization state of the 2nd charge storage film 7, both a "increase" and 
"reduction" are possible, one side is corresponded to writing and it should just make another side correspond to 
elimination. If one side of V 1 and V 2 is made into positive potential and another side is made into earth potentials, 
specifically, it is realizable. Thus, according to this embodiment, writing and elimination can be performed very easily, 
without generating negative voltage like the conventional MFMISFET for writing and elimination, or using the special art 
like SOI. 

[0037]Here, for example like drawing 2 , although the charge storage film 7 was used as much more film in the example of 
the graphic display, the usual state ferroelectrics films 22 and 23 may be laminated, and the 2nd charge storage film 7 
may be constituted so that this may be inserted with the ferroelectrics film 21 of one layer. 

[0038]ln the light of a various situation, one part of the floating gate electrode 4, It is suitable even if it forms two or more 
capacitors 11, and the other parts of the floating gate electrode 4, the charge storage films 7 and the capacitors 12 that 
consist of the 2nd control gate electrode 8 from the 1st charge storage film 5 and the 1st control gate electrode 6. 
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[0039]MFMISFET of this embodiment is mainly used as a difference calculation element. Hereafter, the moving function 
as a difference calculation element is explained. If it gives an outline, the polarization state of the 2nd charge storage film 
7 will be changed by impressing predetermined voltage by making the changeover switch 10 into an ON state. In that 
case, a polarization state is changed so that it may become a fixed value with floating gate potential, when the prescribed 
voltage V is impressed to the input terminal 6a of the 1st control gate electrode 6 by making the changeover switch 10 into 
an OFF state. Then, if input V x which is a predetermined analog signal is impressed by making the changeover switch 10 
into an OFF state, the floating gate potential of the MFMISFET concerned will serve as a value (value which applied 
constant potential to the value concerned correctly) proportional to (V-V x ), and difference calculation will realize it. At this 
time, the polarization state of the 2nd charge storage film 7 of the 2nd control gate electrode 8 (input terminal 8a) is 
eternal, without receiving the influence by impression of analog signal V x , since it is floating electrically. 
[0040]When impressing V and V x , fixed bias may be impressed with these. This bias is negated at the time of said 
difference calculation, and does not influence an output. 

[0041]Specifically, MFMISFET of this embodiment is constituted as following difference calculation elements. What is 
called a V ref method is adopted as adjustment of the charge quantity accumulated in the floating gate electrode 4 in this 
example. The memory voltage V corresponding to a value to remember to be this V ref method. When mem is impressed to 
the input terminal 6a and read, it is the technique of adjusting the polarization state of the 2nd charge storage film 7 so 
that it may become suitable potential V ref with floating gate potential phi FG . 

[0042JFor read-out of memory information, as shown in drawing 3 , this MFMISFET connects the load circuit 24 to sauce or 
a drain, and constitutes the source follower which grounds the end of the load circuit 24. However, the example of a 
graphic display shows the thing of n type MOS transistor composition. 

[0043]ln this MFMISFET that wrote in memory voltage V mem , if new input voltage V x is impressed to the input terminal 
6a, floating gate potential phi FG will serve as phi FG =gamma()+V ref by making gamma into a proportionality constant. 
Therefore, the difference of memory voltage and input voltage appears as floating gate potential. This floating gate 
potential can be read as drain source current, if it is set as the environment where the MOS transistor operates as a 
saturation region, for example. 

[0044]By the way, in this MFMISFET, since read-out will become impossible if set to V x -V mem <0, composition as shown 
in drawing 4 in consideration of avoiding this is adopted. Namely, at the time of writing, as shown in drawing 4 (a). (V DD - 
v mem) ls impressed to the input terminal 6a, and the polarization state of the 2nd charge storage film 7 is changed so that 
it may become phi FG =V ref . 

[0045]On the other hand, at the time of read-out, as shown in drawing 4 (b), (V DD -V X ) is impressed to the input terminal 
6a. 

[0046]Even in this case, in addition, when impressing (V DD -V mem ) and (V DD -V X ), fixed bias may be impressed with 
these. This bias is negated at the time of said difference calculation, and does not influence an output. 
[0047]As shown in drawing 5 , two above MFMISFET(s) are combined and the arithmetic circuit of a difference absolute 
value consists of these examples. This difference absolute value arithmetic circuit connects two MFMISFET(s) in parallel, 
like ****, for read-out of memory information, connects the load circuit 24 to sauce or a drain, and constitutes the source 
follower which grounds the end of the load circuit 24. 

[0048]ln order to perform a difference absolute value operation, first, V mem is memorized to one MFMISFET31 and (V DD - 
v mem) is memorized to MFMISFET32 of another side. And by impressing V x to MFMISFET31 and impressing (V DD -V X ) 
to MFMISFET32 output voltage V out , gamma is made into a proportionality constant and it becomes V out = gamma|V x - 
v meml +v rer v T bv making V T into threshold voltage, and if it sees substantially, difference absolute value |V x -V mem | can 
be obtained. 

[0049]As mentioned above, although illustrated about the embodiment using MFMISFET of this invention as a difference 
calculation element, this MFMISFET can also be used as a usual storage cell. Even in this case, it is not necessary to 
read like before and to fix potential to the suitable predetermined potential from which a polarization vector does not 
change. 

[0050]By this invention, restrictions of the read-out potential which the conventional MFMISFET has are lost, and the 
same operation as EEPROM can be performed at the time of read operation. Therefore, it is very effective in using for 
threshold adjustment of a MOS transistor, for example, it becomes possible to have boiled the performance of an 
operational amplifier markedly by using for the trimming of an operational amplifier for which symmetry is needed. 
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[0051]lf a neurone MOS inverter is constituted with the application of this invention as shown in drawing 6 , a NAND circuit 
and a NOR circuit can be carved according to the polarization state of a ferroelectrics film like drawing 7 . In this neurone 
MOS inverter, since the input of the ferroelectrics film is floating, it has the advantage that the gain of a floating gate 
improves conventionally. It also has the advantage that it can write in with low power consumption in the case of which, 
and can write in it at still high speed rather than EEPROM. 

[0052]Therefore, application to a very wide range of applicable fields - the high logic circuit system of the flexibility 
arbitrarily changed in a logic function can be easily constituted from real time - is expectable. 

[0053]as explained above, without it causes change of a polarization vector in addition to having function sufficient as a 
storage cell according to this embodiment - exact difference (absolutely) - it makes it possible to perform an operation 
and MFMISFET driven with low power consumption is realized. 

[0054](A 2nd embodiment) According to this embodiment, the semiconductor arithmetic unit which arranges two or more 
MFMISFET(s) indicated by a 1st embodiment to matrix form is indicated. This semiconductor arithmetic unit computes the 
difference value for every element between each vector corresponding to an input vector, and has the function to sort out 
the vector by which predetermined conditions are fulfilled, and the vector in which the sum (Manhattan distance) of a 
difference absolute value is the smallest here from data constellations, based on the difference value concerned. 
[0Q55] Drawing 8 is a representative circuit schematic showing the main composition of the semiconductor arithmetic unit 
of this embodiment. This semiconductor arithmetic unit makes MFMISFET31 of the couple shown in drawing 5 , and the 
thing by which the capacitor 33 was connected to 32 one constitutional unit, arranges two or more constitutional units 
concerned to matrix form as common in the input terminal for every line, and the weighting network 34 is connected to the 
matrix concerned, and it is constituted. 

[0056]A template vector which is different for every sequence here [0057] 
[Equation 1] 

ir=/Ti 

T2 

U=/ u, 
u 2 



[0058]lt is alike and corresponding memory voltage is memorized. If Tj is memorized to MFMISFET31 of the couple in one 
row of i lines, and 32, V f is inputted and output voltage is made into a outi here paying attention to the 1st row, [0059] 
[Equation 2] 

aouti = r|Vi-Ti|+V re f 

[0060]lt is inputting next doors and such output voltage into a predetermined adding machine, [0061] 
[Equation 3] 
aouti -*-a 0 ut2+- • 

~|Vi-Ti| + |V 2 -T 2 | + - 

= I|Vi-Ti| 

[0062]**********. Here, {Vj} constitutes an input vector. 

[0063]Thus, MFMISFET of each couple serves as a circuit which outputs a difference absolute value between each 
element (element) of an input vector and a template vector, and said each sequence serves as a circuit which outputs a 
Manhattan distance of an input vector and a template vector. 

[0064]One example of said adding machine is shown in drawing 9 . This adding machine has capacitor C 1 which makes a 
lower electrode common, makes each upper electrode counter to this lower electrode, and becomes, therefore comes to 
carry out multiple connection respectively, C 2 , C n , and capacitor C 0 that comes to carry out a series connection to 
these, and is constituted. If it is considered as MOS transistor structure which uses said lower electrode as a floating gate 
electrode, the function will serve as what is called neuron MOS transistors similar to a mathematical model of neurone. 
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[0065] Noting that the electric charge Q was accumulated beforehand here as for potential V tot of said lower electrode, 

[0066] 
[Equation 4] 

Vtot= -^7 (0+ClVcutl +C2W+-) 

[0067]lt becomes. In this case, a load element for constituting a source follower is made into capacitor C 1f C 2 C n , and 

it is C 1 =C 2 =... =C n =C (electric capacity of the capacitor 33) 

It carries out. C 1t C 2 , .... C n are made into a different value, and it may be made to compute here a Manhattan distance 

which carried out weighting for every element. 

[0068]And output V out1 from each sequence, V out2 ... [0069] 

[Equation 5] 
Vout1~I|Vi-Ti| 

Vout2°cZ|Vi-Ui| 

i 

[0070]lt inputs into a next door and the weighting network 34 in which these outputs are what is called winner-take-all 
(WTA) circuits, and the vector by which predetermined conditions are fulfilled, and the vector in which a Manhattan 
distance is the smallest here are sorted out from data constellations. 

[0071 ]As explained above, according to this embodiment, it adds to having function sufficient as a storage cell, without it 
causes change of a polarization vector - exact difference (absolute value) - it making it possible to perform an operation 
and, A difference absolute value arithmetic unit is constituted using MFMISFET indicated by a 1st embodiment driven with 
low power consumption, and it becomes possible to meet the huge and ambiguous demand in the real world as much as 
possible as execution being possible with a device level in analog-to-digital fusion processing. 

[0072](A 3rd embodiment) According to this embodiment, a semiconductor memory device which arranges two or more 
MFMISFET(s) indicated by a 1st embodiment to matrix form is indicated. 

[0073] Drawing 10 is a representative circuit schematic showing main composition of a semiconductor memory device of 
this embodiment. This semiconductor memory device is what arranges two or more MFMISFET(s) shown in drawing 1 to 
matrix form, A source line and a drain wire of a line writing direction are made common, the sense amplifier 41 is 
connected for every line, and the switch 42 which consists of a MOS transistor which chooses connection with the sense 
amplifier 41 is connected to each MFMISFET. The switch 42 is connected with a signal wire (word line) common to a 
column direction. It is good also as composition which makes common a source line and a drain wire of a column 
direction, and connects the sense amplifier 41 for every sequence. 

[0074]Thus, writing/read-out of line parallel are possible by preparing the sense amplifier 41 for every line, From direction 
of an electric field impressed to the 2nd charge storage film 7 by to any voltage shall be impressed between a program 
line and an analog line being changeable, erasing operation is not necessarily needed. 

[0075]How using a semiconductor memory device of this example to write in information is explained with reference to a 
read-out flow shown in drawing 1 1 . Here, it illustrates about a case where V0 and V1 are written in one-line one row, and 
two-line MFMISFET of one row (referred to as M0 and M1) of drawing 10 . 

[0076]First, Word(word)0 is made into "Write/Read (read/write) 0"0 after using 1", considering the switch 42 as one and 
connecting M0 and M1 to the sense amplifier 41, respectively", and the switch 42 is set to OFF. Other Write/Read is set to 
"0" at this time. 

[0077]Each following step is parallel performed for every line. About one line, impress V0 to AnaIog(analog)0, impress V1 
to Analogl about two lines, respectively, and floating gate potential phi FG The reference voltage V. If not equal to ref , 
about one line, make Write/ReadO into "1", and the changeover switch 10 is considered as one, Write/ReadO is made into 
"1" about two lines, by considering the changeover switch 10 as one, an input of Table A is impressed to one line, and an 
input of Table B is impressed to two lines, respectively. Here, a step which sets each Write/Read to "1" synchronizes. 
[0078]Then, Write/ReadO is made into "0", the changeover switch 10 is made off, Write/ReadO is made into "0" about two 
lines, the changeover switch 10 is made off, in one line, V0 is impressed to AnalogO, and V1 is impressed to Analogl in 
two lines. 

[0079]When floating gate potential phi FG is equal to reference voltage V reft About one line, Program (program)O and 
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AnalogO are made into earth potentials, and writing of MO and M1 is ended by making Programl and Analogl into earth 
potentials about two lines. 

[0080]Writing operation will be ended if it is able to write in all the memory cells through the above step. 

[0081]Here, in new writing, the changeover switch 10 will not happen, if both an Analog line and a Program line are made 

into earth potentials also by an ON state. 

[0082]Next, a read method of information using a semiconductor memory device of this example is explained. First, all the 
Write/Read lines are set to "0", a Word line corresponding to a memory cell which is a read-out object is set to "1", and it 
connects with the sense amplifier 41. 

[0083]Then, ramp voltage is impressed to an Analog line and a value in case an output of the sense amplifier 41 is 
reversed is obtained by sample hold etc. This value is a written-in value. 

[0084]Concretely, when reading using ramp voltage, if it is alike and ramp voltage is impressed as shown in drawing 12 . it 
will become V mem which ramp voltage when it was followed, and floating gate potential phi FG also went up, then phi FG 
became reference voltage V ref made memorize. 

[0085]Here, if a signal is added to an Analog line in a way of binary search not using ramp voltage, read-out will become 
possible in bit accuracy of the number of times which added the signal. Concretely, when it thinks, for example in accuracy 
of a triplet, as shown in drawing 13 , it judges by "100" (=1/2V DD ) first. Since it is phi FG <V ref at this time, the next 
judgment is performed by "110" (=3/4V DD ). Since it is phi FG >V ref shortly, "101" (=5/8V DD ) becomes the value read in 
accuracy of a triplet. 

[0086]ln a semiconductor memory device of drawing 10 , if it is made to perform erasing operation in advance of writing, a 
Program line can be made into earth potentials at the time of writing. 

[0087JA Source (sauce) line of a memory cell can be made into earth potentials by having composition which formed the 
transistor 43 which becomes the switch 42 which chooses a Word line, and a pair about the sense amplifier 41 as shown 
in drawing 14 . Thereby, as shown in drawing 15 , composition which makes a Program line and a Source line common for 
every line is attained. As shown in drawing 16 , a Source line of two lines can also be made common. 
[0088]An erasing method of information in a semiconductor memory device of composition of being shown in drawing 15 
or drawing 16 is explained. First, all of an Analog line and a Word line are made into" earth potentials, a Write/Read line 
equivalent to a memory cell used as an erasing object is set to "1", and the changeover switch 10 is considered as one. 
Here, if two or more Write/Read lines are set to "1", information on two or more memory cells which make a Source line 
common will be eliminated. 

[0089]And V erase (>0) is impressed to a Source line equivalent to a memory cell used as an erasing object. Let other 
Source lines be earth potentials at this time. Here, if V erase (>0) is impressed to two or more Source lines, information on 
two or more memory cells which make a Write/Read line common will be eliminated. 

[0090]as mentioned above, selection of a Write/Read line and a Source line - information on two or more memory cells is 
eliminable in two dimensions by how. It is also possible to carry out collective erasure of the information on all the memory 
cells in a line writing direction and a column direction. 

[0091]As explained above, according to this embodiment, a simple and positive thing for which it writes in (elimination) 
and low power consumption performs - read operation becomes possible with constituting a semiconductor memory 
device using MFMISFET. 

[0092]ln a semiconductor memory device of this embodiment, for example, a semiconductor memory device shown in 
drawing 16, By connecting the capacitor 51 and the switch 52 like a graphic display like drawing 17 to MFMISFET 
(MFMISFET of a couple in sequence same in a line which adjoins here) of an adjoining couple, A circuit equivalent to a 
difference absolute value arithmetic unit of drawing 1 in a 1st embodiment is realized easily. 
[0093] 

[Effect of the Inventionjwithout it causes change of a polarization vector in addition to having function sufficient as a 
storage cell according to this invention - exact difference (absolutely) - it making it possible to perform an operation and, 
Two or more MFMISFET type semiconductor devices driven with low power consumption and these semiconductor 
devices can be arranged, and the semiconductor arithmetic unit which performs analog-to-digital fusion processing with a 
device level can be realized. 
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©««#«<]: oj±g§«^©i^v^si*^^e^-r 

[0 0 3 5] jgKC©MFMI SFETTB, ^2©3 

ybu-)i?-bnU8ic s "mmzo^yyu-iW 

- bmMs tm%B9 t<Dr$<Dmm**y/*y?z>w 

- v mm 8 fcffis©*tt«^*. rc««T». ^#x-r v * 

*@8 (OA7J«f8a) iil»7D-f^^y« 
(©A*SS?6a) {cmiP2n5«E©^g^§itSc: 

[ 0 0 3 6 ] m 2 ©a#^a^ 7 ©^sttn^gM^r s 
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££H*Tf s c t zzm+tM. m 2 ©*^«/gi 7 © 
-rntfusTftSo c©«t5K*n»»fl8-ptt. $*© 

MFMI SFET©J:3fc»*&#«i13S©fci&k:&* 

[0037] c c mK<DM~eitmimmm 1 *-m 10 

<DmtLfci}\ W*tfH2©*5lCx l/f©&S§*ftH 
2 it, cn*»tyJ:oK:#!fiSI*#ll!2 2. 2 3£» 
if LTfg 2 ©ttftSfflg 7 LT ±V\ 
[0 0 3 8] Sfc, H^©*1ff^BSP ) LT, 7D-f^ 
V9V- YW&A ©-SPffi, tg 1 ©«#§iW^ 5 , Rtf 
ll©3yfa-;^-hii6*^*+/V>^l l 

7, RtfS2©3yhn-;l/y-h«ffi8^5ftS*+ 

2£8»KttSJ:9fcLTt>#BT?&S. 
[003 9] *£flBBtl©MFMI S FETtt, 20 

T©ftffi»tgfc:ov>TBiwrSo MUi-rntf, gje*^ 

l o**y«Sgfc LTm^©«E^m*n-r§<: i: 
T\ %2©«m»R7©^«4«K«Sfb?««. ^© 

-;l/y-h«S6©A*iS?6 afc3rS«EEV*fl]inb 

5<fc3fc#ffitt!i8*gft:£-li-3o 3l#ffcwt\ 9}#7^ 
y^l 0**7«88fcLT3fi£©T^n^^feSA 
^Vx^aiiPftlt^ l^MFMI S FET07n-f 30 
jyVV-YWm (V-Vi) fclt^JLfcffl GEBtfc 

nmtZo £©£:*, S2Cnyha-;l/y-Hg8 
(OAM?8a) St^t7a-T^y^it'$i 
5fc»K7^a^€#Vi©fflinfcJ:SI&»£§«-SC 

tft < g 2 (onmmm 7 ©#ffi#tgtt*gT*&*o 
[0040] v, Vi^wip-rsisfc, cnsi 

Wt-S©/W7X%ffiintTfe«}:v\ c©/W7x 

V\ 40 
[00 4 1] ^ttWfctt* *^IiiOMFMI S F E 
TBfiCF© «fc 5 fcgtfM**?*: LT«^c$n^o *#J 
T*«, 7a— r^>yy-h«fi4lcmr««t(fS© 

h«fiE0« ^**jiSft«fi[v«f tasj:^ fg2 
©«^§«m 7 ©^ffi«m*iss-rs¥j*T»fes. 

[0 0 4 2] £1©MFM I S F E T(i. IBH1h^©M* 
f£L©;rc#K B3fc;iVrj;3fc^ y-7XttKW>t 50 
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ftttSB2 4&SttU ftW@B2 4©-«*«*LT 

Smo s h^y^^^©fe©^-r 0 

[00 4 3] fEUttEV- *»tfcAJ£c©MFMI 
S F E T-Ctt, A*i8?6 afc£rfc&A;fottEVx£fl] 
ftrfSfc* 7o- Tjy'??— h^fi0Fc y£J±0!l 
1<T> 

0FC = y 0 +Vr«f 

[0 0 4 4] £C3T\ £©MFMI SFETTB, 
Vx-V«. <0 

ci:ft*MiLTH4lcjRfJ;54«Wl*«ffl'r*. En 
5, *#&#l$fcH\ 04 (a) te^-ri^te, ATjiffi 
?6afc (V» -V.c ) &WinU 

0 FC =Vrtf 

[0045] -73> m^mhmicit, 04 (b) ic^-r 

A**?6aK (V. -Vx) ^Qlip-rSo 
[0 0 4 6] ftfcC ©*§£"*?*>, (V™ - 

V- ) , (V» -Vx) *Wftp-rsPRt, dti5.i:«tc 
— ^©^W7X*WiDLTt>«fct\ M 

[0 0 4 7] Mtc*«y-Ptt, 05^-T<fc9^ ±12© 
MFMISFE T*20i»^, S^«S«ffi©ill3» 
IalK,%««-rSo C©»iMftJ#««JiaBtt, 20©M 
FM I S F E T*ift5UKSaKU ±jafcW«KCtt1II« 
©SfcfctH LVtctb, V-7.X« F U-f >fcftffir@B8 2 4 
%Jgi!U ^#Ih1K2 4©-J$i£&HfcLTft3y-X7 

[0 0 4 8] »M(Wiww**ff'r*fcii, 5t-r, - 

7J©MFMI S FET3 lfcttV. ftKj ©M F M 

1 S F ET3 2\L\t (Vdd -V- ) mm.?Z> a 

T, MFMI SFET3 na±Vx£\ MFMI SFE 

T3 2tti cv. -v.) zmta-tszticzo, tati 
r> 

Voot =y | Vx-V M | +V ref -Vi 

fcfto, *K»fc^ntf«»««« i Vx — v«i i *m 

[0 0 49] *«W©M F M I SFE T*a»» 

nm^tLxm^mmmmic^rm^LtcfjK c© 

MFM I S F ET^ji^CEttBB^fcLrfflVSCltt, 
T*#5o C©«^t, !Se*©«J:5tS!*lflL*(ft«» 
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[0 0 5 0] *^(CJ:9, ^OMFMI S F ET© 

«:EEPROMBHf©»f^**"e**. ee^T, mosh 
[0051] sgte, Befcsti^ic, *sem&mmL 

T-a-ayMO S^y/^-^^MttlH 07 05 «fc 10 
*5V^T&> EE PROMTS Ug#f»SftT#£jM?<: 

[o o 5 2] e^r, ^Bfl-e»a«ii«ftKt^t)# 

[0 0 5 3] W±3ttWbfe<fc?fC, #HS&»«fc < fctl 
t*5M F M I S F E TtfiMMTZo 

[0054] 2 (ommm) ^mmmxit, m 1 

©^BWBJSTM^LfcM FM I S F E T*HMMrr h U 
*^ttteEBLTftS^NWHMi»1i*ll^-*. £©30 

;Hffl©g*£©l&HS**tfJU SK«#ffifc*3#, 

*^&aigiJi-s««B*wrst»©-p*«o 

[oo 5 5] 08 *SQfi«m©*»{«airsB©± 

ttx 0 5 fC^Lfc— *f©M FMISFET31, 32 t 

[0056] ccm SJUftfcgas-rx/u-h • 

[00 5 7] 
[$U] 
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[0058] icffls-rasBtt«ffi*^Ett?nTv>«. c 

£X\ MlMtflU iff l^JfcfcttS— *f©MFM 
ISFET3 1, 3 2fCT,£fBtlU A*l£V,, HJ*J 

[00 5 9] 
[&2] 

aouti=r|Vi-Ti|+V re f 

[0 0 6 0] tfctK cne©H3^)*E^m^©i!(0g#§ 

£A*rtsc:£T\ 

[006 1] 
CS3] 

aouti +a 0 ut2+-" 
oc|Vi-Ti| + |V 2 -T 2 |+- 
= Z iVi-Til 

[0 0 6 2] tmZtlZo CHX\ {V,} It, Xt}^ 
[0 0 6 3] (KOi?^ &*©-ft©MFM I S F E 

[0 0 6 4] IWa6n»g©— ft#15!l*H 9 fc^-f. £© 

&±$nmm*Mfaz*£x%:*). '&^x&*Mvmmzti 
mmm^nxr^^tM/^ c« t&GLxm&tti 

S h7»*X^J:^, 

[0 0 6 5] CCT% tuISTg|5«<i©«{5V t o. li, ^ 

[0 0 6 6] 
[84] 

Vtot= YqT (0+CiVout1+C2Vout2+ ") 



[0 0 6 7] £&S 0 d©^> V-X7*a7« 
50 -r*fcft©fl*S*?**+^<S/^Ci, C 2 , • • •, C 
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Cl =c 2 =- • -=Cn = C (*-W^£3 3<Dttfv§ 
ft) 

tt%o CHX\ C, Cz, • • •, C.*Hft5tffc 

[0 0 6 8] ^bT, &&lfrt><Ditit>V ml , V«« , 
• • • tt % 
[0 0 6 9] 

DK5] 10 
Vout1ocE|Vi-Ti| 

Vout2«Z|Vi-Ui| 



[0070] fcfto, cn^oa**^>t>«)a^-ff- 

(WTA) @S§T-&3fflMiffi@S83 4fc 

£ns 0 20 
[0071] a±KWbfej;5fc, *^ssmitccfcn 

"f £S 1 O^fiS^Jg-effi^LfcM FMI SFE T*fflV» 

xmsMffimm&m&m& u 7^n ? • 7/ 
mi-a-Ma^x/^xi^^i/T-^fTniH^LT, nm^fc 

[0072] (^3 (ommmm) ^msmmxit, m i 30 

©HifiJgJI-eBB^LfcM FMI SFE T*«ftfflv r- U 

[0 0 7 3] 0 1 0(i, *HSfi««©^S|{«3tt««© 
±B«l«*^-r^ffilHlB5BIT**-5o c©¥#ftsritlgg 
HltilfeMFMI S FET^ISivh'J^X 

isj>m*nmtu ^ftm^yxyy-fA itmm 

?nT*30v SMFMI S F E 1 \C\t^iy X7 yf A 1 
[0 0 7 4] £<£>£-5fc:, ^fT^tc-b>X7yy4 l £ 

mars c tfcj; ft mmm%ikfr/m.frm Ltm 
mx$> Mfc 7 p y 5 L.m t r + a ?m<o^t tucn 
& zmat s fric & i xm 2 cDnisfgrnit 7 1 aijp s tx 

5ft#©ft#*g*..6e: cfcfrfc, MLt 

[0075] *m<D*m#&m&mzm^rcmn<D*2 50 
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LTlK^-r c (i T-ti, H 1 0 o 1 fr 1 5U2&t52fr l 
?|JCDMFM I S F E T (M0, M 1 tt%>) fCVO, V 

[0 0 7 6] 9cf, Wo r d (7— F) O^'T'lCl 
TX-r">y^4 2**y£L. M0, M 1 ZZtl^tl-ty 
XTVfA lfcjffiRLfcft, Wri te/Read (U 
-F/v>TF) 0£ "0" fCbTX-r-yf-4 2£*7£ 
"f 3. £(Dt%, flOWr i t e/R eadt "0" £ 

[0 0 7 7] J-XTO#Xx^7{±> &fr«fc^5 Urt/te 
HfT^ftSo lfTtOVvoiA n a 1 o g (T-fU?) 
OfCVO^, 2frfcoi,vCti:Ana 1 og HcVlS:^ 
ti^ftfllin U 7 n — r f > h ftffi $ « #M« 
EV ref fcHb^ttftfcf, lftfcOUvniW r i t e 
/Read0^"l" icLXWWXJvri 0**yt 
U 2ftlC~D^XteWr ite/Read0*"l"fc 
LXtygX^vl-l 0**y£LX, 1 ftiCl£3zA<DA 

tt, 2fticimB<DXj3Z?n?nmQ?z>o 

X\ #Wr i t e/R e a d£ " 1" £fSX7>y7°« 

[0 0 7 8] &V>T\ Wr i t e/R e a d 0£ "0" 

r i t e/R e a d 0£ "0" fcLT«#^yf-l 0 
%*7tLX. lftXIZA n a 1 o g 0tV0^ 2*t 
TtiA n a logltVl #aW£ 0 
[0 0 7 9] 7n-f^ y^y- hflfii^Fc ##MttE 
V re f ^^bV^-g-tcti. 1 ^{cov^T(±P rogra 
m (7p^*vA) 0MA n a 1 o g 0£Jg±fe«fefc 
L^ 2fTttl'OV ,, Tt± Programl RlfA n a 1 o g 

i*tm,mtiLtLx, mo, Mioita**«7t 

[0 0 8 0] LX±<DXt-v7%MX, ±X<D*^)*D\s 

[0 0 8 1] CCX\ «tX^7f 1 Otf 
fe, A n a 1 o gfcRtfP rogra m«bb^k:»«l* 

[0 0 8 2] ^tc, *0lO¥tmB1KHEB«fflv^mB 
<DR*fflL^j5fetO^TSiWr*. 9ff. #T<DWr i 
t e/Re a dm* "0" tbTfe^ tt*tfJL«*T 
S5^^';-b;Mc^jSbfcWo r d*S* "1" tbT, 
•feyX7>74 1 fcSBKf So 

[0 0 8 3] MV^r. A n a 1 o gifC7>7"lE^9] 
iPbTfe*. -b>X7>74 KDWTJ^K-rSfct© 
fii^-9-y7 , ;l/ • F<f fc J: 0t#S o cofil3b^»#i& 

[0 0 8 4] S(*«»C, 7>7«JE^fflV^TM*tH-TI^ 

tcti, ai 2 fc^f «fc 5 fc, lc?y7ni±*8VmLX® 
<t, ZtilcffitLXyu-Tj y7?-hmtii.<t>n fe 
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[0 0 8 5] CCX\ 5y/lff^fflV^ /W^-u • 
tf-f-0g®T?A n a 1 o g»te€4»*in*ti«\ ^© 

1 3£jjVf=fc9£. Jfe"f "1 0 0" (=1/2V») 1? 
fiJ^-TSo 0r <V ref T*&2><DX\ "1 1 

0" (=3/4V.) "e&©«££fr5o > 
Vr,f "10 1" (= 5/8 V™ ) #3 tr 

>y hOttfi^Sl^WUfefifcftSo 10 

[oo86]iai oQ^mwmfemwias^r, 

fcUffcP rogr amttfcSJftmijterSCfctf-e* 

-So 

[0 0 8 7] -feyX7y7 p 4 1^01 4tc^-r 
Wo r d«*»S? > r5^-ryf L 4 2 £*ffc&& 
h7>^4 3^tfei)SJ:nj:i:£ < );f), 
•JWSo u r c e (V-7.) ^ilifittSil 
CtUCJctK Hi SK^fJ^K* Pro 
g r a mmt S o u r c eUfc&frfcfc^SIfcf S»J« 20 
^Rlfilfc&So Jgfc* 01 6fc3jVf<fc-5fc: N 2ft©So 
u r c effi.*Pm£?Z>C£t>-e%5o 

[o o 8 8] 0 1 sxitm 1 6 icmtm&o^mmEffi. 

A n a 1 o gBRXSWo r d«*±T8ft!lW{fci: L> M 
S^fc^^^rU^HCffi^-rSWr i t e/Re a 
d«£ "1" fcLT, ^X-T>y^l 0**>£?% o 
CCX\ «tfc©Wr i t e/Re a d|g$ "1" i^tl 
fcf* S o u r c e«*ftiifc-rsaa©^€:U-b;HOfil 

30 

[0 0 8 9] ^LT, JSSWfttarS^t'J-b^lCfflS 
nSource^tV™, (>0) £EP*JPfSo £ 
Ofct, jftOS o u r c e»SS*tffii U*<. C 
CT% jta©S ourc elSfcV™. (>0) £9l*Q 
•ftlfcf, Write/Rea d«*#i!fc:rS4fcS©* 

[0 0 9 0] ±IB©«fc^fC, Writ e/R e a d& 
Sou r c em<DmWQ®fc£Q. 2&7G«fc«tt0* 
^y*;i>©flHH*E*t-*cfctf-etSo gfctt, fxfr 

|pJ^t;^j73[R]^*3tt§^T€>^ ; eU-b;l/£Dlf^-Jg?'i 40 

[0091] &L±m.wLrz&?ic *musm£.&ti 
a. mfmisfe T*m^T¥m&mmmw*Mi$.? 

[0 0 9 2] 4^H06tt<D¥«Wefl»eB. 0«*. 
HTH 1 6K^T¥afftfBtIgS.;:fcV>T. 01 7©<fc9 
0Hg-rSHtf©MFMI SFET (ta«t 
*ffT?ra-05IJfcfett«-W©MFM I SFET) K*f 
LT*^V>*5 l&t>*X^>y^5 2£0^©$D<}£SI 50 
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[0093] 

z£t%:<iEm%mft (mm mm^mn-r^ntm 
mt u &m%mtiT*mw}?zM f m i s f e t^©¥ 

[0ffi©fS#&l&BJl] 

[01] Sl©HttfBI8K:«fcSMFMI S F E T ©±.H 
[02] Hl(c«(t«!llll«f4^^&ft««mUi 

©ftfi©^^j^^-r«§f®0T^5 o 

[03] 01©MFMI S FET?:fflV^TV-7 t 7*n 
7^«I^Lfc-fif>J^-r^ffi|HlK0T^5o 

[04] 01©MFMI S F ETfctt"fSWEB]An©fl& 
©0iJ£^-ft§MIIIli£&0T&3o 

[05] 01©MFMI SFET?:20i^TO 
§ ©SSgH&^-f $ffiHH£BI T? % § o 

[06] *^W*iiffltT-a-ayMOS'ry^-* 

[07] ^MfflLftxa-nyMOS^yM-^ 
tcj;!9s NAND@KfcNOR@B£SftWfc:£gE"l*Sf 

[0 8 ] m 2 (ommmmic £ § *m&mwmw<D^m 

[09] m2<O^£ti^tli«:<}:«##^0SBO«t«S 
3R-e**ftl3S«0-mft«!*^"rtSfiBlsIISHTfeSo 
[010] ®3©^«tRfc<fcS¥»^*8H©±fS 

[0in »3<z^^tticj:«^mett«»«fflv^ 

[01 2] 7>:/«ffi*ffli^TR#HJ1-fclSLT» #M 
[01 3] • -V-i-<D^ffi-£Wifrti!,-flcmL 

[014] *yx7y7<Dteoimmit**wtmkWi 

[015] P r o g r amBt Sourc e«*&fr45 

t«afc-r«HH*«-r-aw5«ia»H"e**. 

[016] 2fir©S o u r c eto&}$&ttZHH1im 
"fl?flilH]Sg0T"&5o 

[01 7] 01 6©3HBil§lB*£f&LT, %H<omffiB 

is-rsaff^-r^iTBiEiKH-pa&So 
[^«] 

1 *y=i:/¥aw*£* 

2 y-VFW> 
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[01 o] 

Write/ReadO WordO Write/Read 1 Wordl Write/ReadN HordN 
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ProgramO- 
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Programl - 
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( Start ) 
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Brite/ReadO WordO flr i te/Readl Wordl Wr i te/ReadN HordN 
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Write/ReadO \ WordO Write/Read 1 Wordl 
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Analogt 




-Vref 
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